For the past decade, the majority of the research effort on Johne's disease (paratuberculosis) has been directed at development of improved diagnostic tests for the disease. Several new techniques have recently been described that improve culture detection of the causative agent, Mycobacterium paratuberculosis (9, 11, 16, 21, 48) , use gene probes (15, 22, 44) , or are based on serological methods (25, 39, 43, 51) . Among the serological techniques, enzyme-linked immunosorbent assays (ELISAs) that use absorption of sera to reduce nonspecific reactions have shown considerable promise (24) (25) (26) (49) (50) (51) . This technique was commercialized by Commonwealth Serum Laboratories, Parkville, Victoria, Australia, and was released in March 1990 as a kit called the Johne's Absorbed EIA (enzyme immunoassay) for diagnosis of bovine paratuberculosis. In this report we describe the evaluation of the diagnostic accuracy of this kit by using serum specimens from the National Repository for Paratuberculosis Specimens.
MATERIALS AND METHODS Specimens. Serum and fecal specimens were collected concurrently from 856 dairy cattle in 13 Wisconsin herds. Nine of the herds, containing a total of 660 dairy cattle, were infected with M. paratuberculosis and had prevalence rates that ranged from 5 to over 60%. Four of the herds, containing a total of 196 cattle, were certified to be free of paratuberculosis by the state of Wisconsin Department of Agriculture, Trade and Consumer Protection based on a regular program of annual whole-herd testing for paratuberculosis by the conventional fecal culture method (10) . These specimens constituted a part of the National Repository for * Corresponding author.
Paratuberculosis Specimens housed at the University of Wisconsin-Madison (39a).
An extra effort was made to identify animals with the full spectrum of M. paratuberculosis infection severity. At the time of serum collection fecal specimens were collected and cultured both by conventional methods (46) and by a new radiometric technique (9) . In addition, serum specimens from all animals were recultured three or more times during the next 18 months by conventional methods at the Wisconsin Animal Health Laboratory. In Wisconsin, for the conventional method we used 0.25% hexadecylcetylpyridinium chloride and two tubes of Herrold egg yolk (HEY) agar with mycobactin and one tube without mycobactin. Cultures were incubated and observed for 3 months. To recover tissues for histopathology and culture, surgery was performed on animals that were culture negative at every test but that were positive for antibodies to M. paratuberculosis by an absorbed ELISA (Allied Laboratories, Inc.). A fullthickness (1 by 2 cm) piece of terminal ileum, taken 10 to 20 cm proximal to the ileocecal junction, and an ileocecal lymph node were obtained through a right-flank laparotomy incision. Histopathology with both hematoxylin-eosin and acid-fast stains was done on half of each tissue, and the remainder was homogenized and cultured for M. paratuberculosis by the radiometric method (9) .
A total of 856 serum specimens (0.5-ml aliquots) from the repository were shipped on dry ice to the Australian Animal Health Laboratory, Geelong, Victoria. All serum specimens were those collected concurrently with fecal specimens from individual animals at the time of first sampling at each farm. Testing was performed blind by technical staff of the Veterinary Research Institute.
Johne's Absorbed EIA. Assays were performed with the commercial kits according to the directions of the manufac-turer. Negative, low-positive, and high-positive control sera are included in the kit, and each has a specified range of optical density values (450-nm filter) to call an assay valid. The cutoff value for valid assays is the mean of duplicate negative controls plus 0.100. Sera with discrepant results between wells or with borderline values were retested. Results were reported as (optical density of test serumcutoff value) x 100. All values greater than zero were considered positive.
Data analysis. Vaccinated animals were excluded from analysis. All animals from herds certified to be free of paratuberculosis were used as the negative control population for test specificity analysis. Herds in Wisconsin certified to be free of paratuberculosis are those in which all animals .20 months of age have been tested and found to be negative for paratuberculosis by the conventional fecal culture method performed on at least three consecutive samples taken not less than 6 months but not more than 1 year apart. Herd certification is renewed annually (10) .
The diagnostic difficulty in paratuberculosis is detection of disease (infection) in subclinically affected animals. Thus, only such animals were evaluated, and the case definition for subclinical paratuberculosis was isolation of the causative agent, M. paratuberculosis, from any fecal sample or biopsy tissues. Disease status was determined without reference to or knowledge of the Johne's Absorbed EIA results. Only infected animals were used for diagnostic test sensitivity analysis. Of 856 serum specimens tested, 196 were from nonvaccinated animals in herds certified to be free of paratuberculosis, and 150 were from animals defined as having subclinical Johne's disease. Test results for the sera from the other 510 cattle were not used for test specificity determination, since the animals resided in infected herds and their M. paratuberculosis infection status could not be unequivocally proven, and thus, inclusion of the results in specificity determination is inappropriate (33) .
Test sensitivity and specificity estimates with 95% confidence limits were calculated by standard methods (35) . The Johne's Absorbed EIA was compared with conventional fecal culture (first sampling only) by using the McNemar test (34) and the kappa statistic (19) .
Decision analysis. Decision analysis was performed to assess the short-term benefit-cost of using the Johne's Absorbed EIA in a test-and-cull disease control program since this is the principal application of diagnostic tests for paratuberculosis (lOa). Standard methods were used (5, 6, 13, 27, 29, 31, 32, 36) . Pretest Johne's disease prevalence was the independent variable. Standard equations for calculating the apparent prevalence from the true prevalence (18, 37) and the predictive value model equations (12, 45) were used to calculate the probabilities of getting true-positive, truenegative, false-positive, or false-negative results. Costs associated with each of these four possible diagnostic test outcomes were obtained from the literature (1, 2, 4, 47) . The cost of paratuberculosis to a dairy was conservatively estimated as a 6% decrease in total milk production for each infected cow for the next lactation, although studies have reported that the effect of paratuberculosis on milk production is generally higher (1, 2, 4, 47) . Market (30, 38, 40, 42) . Problems surrounding the use of an imperfect standard for the diseasefree classification have been described previously (33) The kit from Commonwealth Serum Laboratories is the first commercially available kit for serodiagnosis of Johne's disease by using absorbed ELISA techniques. It differs from other absorbed ELISAs that have been reported, in that absorption of cross-reactive antibodies is effected by using soluble Mycobacterium phlei antigens simply by dilution of test sera in M. phlei antigen-containing diluent and incubation for 30 min before the assay is performed. This eliminates the need for overnight absorption and centrifugation of serum specimens (25, 49) . A standardized paratuberculosis serodiagnostic assay is important for development of state or national control programs and the international trade of cattle. Use of absorbed ELISA procedures without standardized reagents can result in significantly different diagnostic accuracies between laboratories, as shown by Lopez et al. (17) , and thus should be evaluated carefully before adoption.
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